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(54) METHOD FOR WORKING GLASS AND ITS APPARATUS 

(57)Abstract 

PURPOSE: To provide a method for working glass in which a glass 
body to be worked can readily and rapidly be split into a 
complicated shape while suppressing occurrence of dust, etc., and 
its apparatus. 

CONSTITUTION: A method for working glass of this invention and 
its apparatus are as follows. A laser beam (LI) within an ultraviolet 
light region having high absorptivity for a glass body 11 to be 
worked is concentrated on a surface part of the glass body 1 1 to 
be worked and its concentrated point is scanned along the shape 
of the purpose of working. Thereby, scribing is carried out on the 
surface part of the glass body 11 to be worked and the 
aforementioned glass body to be worked is then irradiated with a 
laser beam (L2) haying a higher absorptivity for the aforementioned 
glass body 1 1 to be worked along a site where the scribing is 
carried out to apply a thermal strain related to the splitting to the 
above-mentioned site. As the result of the splitting, the glass body 
to be worked can readily and rapidly be split into a complicated 
shape while suppressing occurrence of dust, etc. 
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(57) [S«J 

IBM WKL1Sv*m, W5»J64*#**^ 
•^SctciOv 8«9iai»7X«:i i<oai8Wcxf 

»j«tcie cm < c 1 1 «t 9 mi-* a 1 




B3r SWOOSH] 

ilOX^XttlcS*^*. KBPttft- & «toX3ff-7 
B«OU-»f ft*«iai#7 X(tO«iii»K*l# LT * 

o*ftjg**niafl9offi«c»-5r^ss«5c tic* 
xet. io 

Z OX jr 7>r e y LftSffiKto oTgiE«ftJl * 

gfc*atrc Lft^xSnim 
[»*«2] »*« 1 CE«0*5XjDI^C»^ 

Sfctt/<;I/X N d : Y A G U-lfO* 3WBtoM. L < 
HjR4MBtft«flb\ 83ffi*n«fB«wu-tf)tJ: L 
TCO.- U-1fft£fflb'5 u LfttfvX&DX 20 

[a**3 ] s*#« i s ft** 2 Kiasoff^ xaoxs 

tt%HJM"5 * v X Jml«llT?« o T . 
SI5ffi»l)nX*7X«:tC»LT»lM»lR**WTa«>Mi 

i!(lfetttaI#7Xtt(cWUTi«i>1RiS*^Wt5*>HI 

-MEB l U-U1M*»6«aJSnft«miMWOI/-<f 

%*B*T«S2ftX¥Bfc. 
HUBS l Hft#aKJ:oT*%Snft*>MMWlOU- 
^f)t*iuE*inij!r7X(*±*ftDiB«o»«jctoo r 
*»*4*xx**nf:/*MWB 1 &&&t. 

S815* 2 B*#Slc <t o T»tt?nfc**WB«©l/- 
tf«*flflSEX2^£>y*«LfcaPfflKfeoT£fi* 

2 z&mt&Gtz z t&mt Lft*5xjn 
xttB. 

[fMOMKKBll!] 

[000 1] 40 
[£*±©*Uffi»»J CQRBtt. fWAtf. LCDS* 

no«fitt»«3!f7x»*2aciti»oiE*Kmaojstt 

K»^Tl!llfjDlt*«^l(C|iJ«-p*«3lf5XllDJ.^ 
[0002] 

[«*©ftffi] C#?x««>#9X{MHB?*«(i:(k 
KXR4MBU««lcj:Q *?xicWU&» 
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[ooo3] *ft, ;o«t. «l«iC**4nx*«<3 

•)£. Wlii* (X*7-f7») ICfcoTCO, U— tf 

MHteftTb* (BBW62-175M2 . 
[0004] 

[jw^msiLi^fr^aMO tc*?, a*, sib 
sn*«c*-9fc l c D«sfflo«a<ai»«*7X5 

*PWH>B»MIMc»oT£Mi:«tfr* * -5 ft* 
Jb*£©fi£*©*£T-li*© <fc ««Wfe UTV > 

fcc 

[0 0 0 5] t4te*> Jt'f'revKlJWKlMf 
K,J:0««««i:Xi'7'rtr>'y*«-9-lg&. Xf 
«©!&«*<««©* 5 ft*a»c«:. znW^'Cmto 

tt«%frtr88tft»«o«Bh!i'HlfP* 9 . 0 i 

[0006] aawicx^^-rifv^s^iei: 

B*«lttfj«o*TiB?f fjoH^tUift^t 
Tlf5-Hfctft* b<MMofc, 

[0007] coggji*. ±ao*s<oti:T'ft?nrc 

«,©?*!>, «taI*5X»t. «*©££«¥£ xo 
ogg • aaicilftft£«lctM?T««#9XiDX#g 
fttf*©S>B*ffltt-f * C £*§Wi: LfctO-pftS. 
[0008] 

[»B**i*t*rii6o^©] J:3©fla*ftj*t«fc 

*E*JSfH*, (1) Ifctaltf^XttO^ffiffilCX* 

7X»*fWit*:tf7Xtioifii£K:*5^T. suKBtoi 

#7XKKWlTSV«lfi$*5T5BrtBffl«©U- 

ftt*lnx*7X*o£iiltt:ftft lt*©B#£* 
Bii«Ki>»*ic»-»TjHE*tf*ci:cj:9, Kttin 
X#5X{to«S«KX*5ViJ:/y*ft*XBi:. c 
ox * y u fc»teicifi ^TMEffinx^ 
X#tc»LT»V^*lR«tt*iWWI««©U-1f* 
*BaW LTSSSti Cfflfr iclttf ft < ftS»*4X. 5 Xg 
fc*attCfc«HtfcLfc«dU:L. COBiSIOBB 
tUt. (2) «riil0^5XliaX^iitcfe^T. If) 

fctt/WXNd : Y A G U— »f OS 3 KHSbtt, L < Ji 
S 4 ftffiK**jetr\ S5£#W8««0 U-if %t LT 
CO, U-WI£*JH'*Ct«»«tLftlWfcL. $ 
ft. «fi£i*fcii2075tt**JSt5if5xiinx«afc 
LT. (3) «fi8lSft«20^7XftaX^ffi*H«| 

tsjtr^xiDiaiiTfcoTs wisaftii^xwEKtt 

5SiU-9-«Bi:. MS«*nx^vX«:jc«LT«^ 

«is*?-«r4*nttai«ou-y«*je<fe-4-5SB2 u 
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SraoU-tfft«*ft**Sl*)t#»^ 85E352 U 

**««©u-if**i^x*7-re:/y*«Lfc*tt 

[0009] 10 

[ftffl] ±ao«Wt i t*s<r>r> «toi#?x<*t«L 

u-+f x* e yy* «? <otttt»TH*fc * nr t> 
[oo i o] tftbs, mmmou-vmt. mn 

[00 11] *T7X*<DiRlRflMS£o (c 
m' ) . V— »f*tf 1/1 0 0IC«8-r«$T<0S?* 

i (cm) trst, 

e "- -0. 0 1 -0) 

T-hZfrt*. coo) sue. • 

I =4. 6 l/o "(2) 

T'fcS. 40 
[0.0 1 2] U-if#<Dt£-Ag*:d (cm) t 
tit. U-tf*A<<RlK«ft*tMIV (cm 1 ) it. 
V= (d/2) ' nt -(3) 
T-$>So tCX\ U- +f )trt< C V rtW-K WR 

*E (J) fct. Sfc. ffvXfcOSSfcp (g/cm 
' ) , &mZC (J/g • K) , ift»±S*T (K) t 

E=GpVT -(4) 

T'&S. J10>(4) jfcb^ 50 
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T = E/CpV •••«) 

t*i,. d©(5) «t JOB© SfttfQ) iSfcfU** 
t. 

T= (aE) / {4. 6 1 npC (d/2) ' I - 
(6) 

ift* t co(6) at, aufc&tfvxfctft***** 

Aft** 

[00 13] o=10000 
d = 0. 003cm (30(tm) 
C = 0. 2 ca 1/g • K 
p = 2. 3 g/cm' 
E = 0. OOOUOOOmJ) 
CftKiO, T = 67 00Kt#$* t COS***, # 

M;UX«iH-#K)S^ (1 On sSft) /<A/XU— »f* 
HJl,\ Ao. !R£»$t£SJ!to«fctf*t,>i:(Sa£Lfc 

tee***, -nii, sa*ffl«tii6iTS«itf2t 

jDIJBtftif^TSSWittllfcfS L4tf eSffilTvU- 
x u-f ft*8«t* 5 zvctsct x-bammcteo 

[00 I 4] tX. ZOjiiKlX. *taI#7X*<0 
gffitSR+Mni. 8*«>im«XXfv>l't::/*€'» 
LrcXSO»t. C©X^7-<fc:>y«r«Lft»{fit}t) 
-5 T«* 2 ICfrfrtf fc C 0. l^f«ll 5 
©UHffttSW LTf JBICISW < «te*#*5 C i: 
t<fcD, mDTiivZtteXtyJtXfmttmo 

xtmmict^x-ti: 

[ooi5] co^aictntf. u-«r*£fc«x*5 

Sttt*7?***Aft*;:i:4<nMk:» fro, 88 
•iSBKx^^eyyfcJti-cfcft'-etv Lfrfe. * 

©x?7-nfyyoi8ttt. tf^xfc*****, m 
•flt«?tfS©T*. 9J08©«kTft. »OKSie?T? 

MfLX. )»S*JlO**ISt, *>MW«OU-«f«* 
88«t5Ct(=J:0?T^OT, Xi'7>fei/yS'»Lf; 

SffitiEatfeoTasfcioitscttf-et, <a©8wi 

[0 0 16] ?^E, *«3t«fcntf. «|*l*fttt2 
[00 1 7J 

[36«0H B 1 lic:<0^©-$SSMtfrA>5*vXfti 
Xg[B««m H2tt*)t)16*«<Dl8 (YZVffiTW 
RLfc) K3EB. S3tt«««^lii<0* (XZ¥®T-« 



(4) 

5 

KLfc) KffiSk B4«fflf<03t*«O*¥ (XY¥S)T 

web***, istf, ctxzmmmtiwz* 
a. 

[0 0 18) -«WW)aff9XhUtll 

[00 191 UViz-UttBltt, Nd: YAGU-tf 
0ft4ffiWft (»g : 2 6 6 nm) /»X*«ttLT 
■MOT**©?. rt»fcCW-QXYy*A;l/XNd : 
YAGU-VKM. CONd': YAGU-*f«Bfr6 
MB L fc»*ftl/--tf** JJt LT *V% 4 XWEt 

sn*'Wxjtox*JMr-i* 2 o o /i j , 'M>xqh 

[0 0 2.0] COi U— »f*Btt* »S 10. 6^m(0 
L/-tfft*»RLTWtti**fc<0?* ffi*]><7-l*2 5 20 

[002 1] >£f7XiDZitB*»30BIHItftt. S£ 
4 4:. co«fc4K»LTB*Yirai»c»TOftJ; 

C (0 Ym%&7 U-k 5 Cti LTBtXNftfttcM 

Xfi6)j£iEXf—^6i:. r«x^£$XT—>"6ic 
BSitlft«J!SI»*7t*64»c *LT. flEUV 
l^fflfllfttfCO, L/-raB2*6*tl«ll»«" 

BEBSIttlSl. 8 2»&tfC9 1. 9 2**nfn 

frU Y*i*»7l/-*5KB£Shfc«fl 

#2*1 0*»CT»#3fc**7fc»S, 
■ 7fc*oTB*Lfc«v ^4±cBJKftttttoi*F 

9'XBI 1 MUTT* * SIC LfcfcOT»* s 
[0 0 2 2] Y*ft7U-i»5tt. «rp^j JgfcfcLT 
'.«D/*©BB5a. 5b<D73BK:*tVfnX7>f*5 

c 5d (x?^r^5dttB^r) M»tt«t. 
e>x5^*5c. 5d«\ sft4 0B<f>&aitfic*ft 

«i«tfLfcU-/Ma. 4 b (U-;P4 bttBS* 40 

*4 afcff-f KX*l>a-4 c«UBft«*. Z<Mf 
<< KX * U a- 4 c */t>UX*-* 4 d K A -^Traee 
Krrsc'fclc*')* Y#fi£*7b-L5£Y«lififfitC 

.*4 dttBTxLft^SWJEBt^^SJBSti-Sioiuft 

[0023] B2te**Ji*<fc$fc, XfifilSSXT- 
"Vett, Y*|R|*a7U-A50BB5eO*^*lftT 

»c«owt6nftu->u5fic«BsaK:KftsnT so 
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69. B*XH»[t0tB»B«Elc4ot^*. ft*. Z 
tO X fifafiSXr- S> 6 IC tt» 5 gMHOWttftnt*- 
0, C©||5gfctt^KX^ya-5htf«W^« 

n, «ro*YHx*»ji-5htt/<>i/x*-* 

;I,X*-*5 1 ttY)Jfi]£iE7l/-2>5 fc«**hTlr* 

fcfrfcJ^T'WXfc-JrS itHBIWtacfcfcJ: 
9, X^^SXT-5/*6^Xtt)i^»frtW»t*C 

6 1 &mm% 7 H£*nri 

[0 0 2 4] CC0«)t^«7«X^jtfiXT-^6 
CBSStlfc^-X7 1 t. CtO^-X? 1 0±«k:H 
£Stlfc2O<0fflfi|S*-7 2a. 7 2 b£, ^-X7 

3bi:«iLT^* 9 

[0 0 2 5] {BftS5-7 2a, 72btt£fctCXY¥ 
Bt»LT4 5- ftttt&tw'io* HlrifcYlWflllC 
HiSOBII**^TEB*nTi^fci:tfc, *ft* 
tu Ms9flBBftl»«0»-*JMr-7 4 a (B3 
*£) ft(/7 4 b ffl»**) fcft«W*6trnr**. 
firpj^5-7 2a, 7 2btt, rf?X$<D8 

0 0%S»t*W*»MW3-.T* >.#*tn> 
* e *LT, 59-*^-7 4afttf7 4btt*h€ 
tl5tt7 5a (H3#S) fttf7 5b 
LT*-X7 I HnStlTt't* 46* flWfl$5-7 
2 a. 7 2b«, */<-4r-X7 1 aCHMStU CO 
*/<->r-X7 l afcl*U-V3t>J«7 lb (B3# 
SB) fttf 7 l c (BS*T) m^tiXl^o 
JEXMS7 1 bSt57 1 ctt, ^tif f nBlSl55-7 2 
a . 7 2 bO«£*a9 XHWfftJcW4)MLtC»S 

[0 0 2 6] «#U>X7 3a, 7 3btt, *tl€W/ 
VX*/U^-7 6a. 7 6bic»»*n, *fc* C©U 

yx*/p^7 6 a, 7 6 btt. *fi*nmWBm 

7 7a (B3J^) Stf7 7b*y>LT^X7 1 left 
9Wt6hT^«. flUam«l7 7 afttf 7 7 bttH 

*;U4T-7 6a. 7 6b*±Tt»«a»tSCi:ti:J: 

t^Sc ?^>l:, <Bfq]^7-7 2 a, 7 2b(DT»ttt, 
^-X7 l*HaLTU-1f3t«aJS7 8 a. 7 8bff 
»*8tlTl^ 8 *LT, C^6U-*f)tStiaS7 8 
a, 7 8bfcl/VX*JWr-7 6 8 1 7 6 b tWlStUt 
#«aft4iai*0*^-»7 9 a, 7 9 b*Wt6tl 

[0 0 2 7] LfctfoT, W-tf)tA«SS7 1 b, 7 1 

c4Mi;Txittr«iic»^rx»Lfti^if*tt*ne 
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n«fi^-7 4 a, 7 4blCJ:-3T90 # 

X7 3a. 7 3bK»Ni> cn5*ftU>X7 3a. 
7 3bt<toT»toX^X«l lCfcftinS^K 

s c t c * o eflfc-r* fiaxEwcfe^T^ss* * r 

fcffT'ta^KftoT^Sc fcS, UVU-if*L. 
«»*X*yh«tt3 0finirt»k CO. U—MIM>» 
£X*-yhWtl OOjimlWC-fc*; SiflXtf 
7XS1 Hi, K7*ft!J*9;UDMI (3 00X3 0 

0 x l mm) Tfcfco 
[0 0 2 8] B 4 

lOtf, EMI9 1. 9 2C£oT5«*nT£fcUV 

<d{@[r)= 7- i- 0 1 fttf 1 0 2(c£c»T*ft* r n9 o° 

^-l 0 I, 1 0 2ttfcfcCYZ*BC»LT4 5' 
MttNt&ftv*^ XY™±t*l»TYH*rtt4 5 

■35-1 o i. 102 tt. *n«u #7X«<osfi£ 
u v \s-y%&xfc 01 u-tf ft«stf 1 0 0 %kiw 

1 0 1 a a« 1 0 2 att, ftlftu 
L&0>$ft£ftLT^-Xl 0-3fcH£<*ft, CCK- 
XI 0 3ttY*lSl36*7l/-^5t:fflS*tlTl^ a 4 
fc, cn€>fi(Sl^7- 10 1. 1 0 Zit. */t-flr-X 

1 (MettHtefu c x 1 0 4 tc« +r 

ftXWBl 0 5 afttf 1 0 5 b, U— 
m«10 6.a, 1 O6b*^n?nS^bnT430, u 

[0 0 2 9] **HHc 

2$S#S(co 2 i^if*«jt4#a) fc*. ion 
XYtSXr-^i^TJIfaSi^icLtl^*^. 

[go 3 0] - tB M9ff 7* ttifflfc 

«^7XtoX7?ffi**ttt*#W*llt«t^c 

[0 0 3 1] C<D-%&m<Dmit. UVU-1f)tL. 

tc«tsx^7>re>^xe^, zox^-rtrvyxs 

[0032] x^7-rtr>yxeti, uvwifftL. 
*«)tl/VXS7^»^U>X7 3 a*ai:Tittii<r 
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7X«ii i<owastJ|yt^ (*ftx#-;hS;fi3 

OfimK «)feS<0^xaW*]S»^« (H5 
(a) #SD c H5 (a) MWr*T. fc9lptt*IRft* 
«*. Ctltra^, Y^|R3*S7U-L5fttfX^ 
S6XT-^6%ag*»«SC^JCi:0, UVU- 
tf#L, i«fc*StoXigtffc:fet>T2i* 
£<D*S> UVU-tf«11<0/< 
/PX«S««0jSL«»I (5 KHz) ***fc^flT, 

10 «c cnicitu «sox^x«i 1 (ommttozE 
fgtfsn (as (b) «») , x^v>rtr>wjs*n 

[0 0 3 3] *iC C0> U-1f)tLi 8Cj:5mfOT- 
W*. CO, l/-tf*L> M^UyX^70*)tU 
>X7 3b«CTMttr*W«l ircSffilcfctt* 

*i 2tffBtt«nr^a»fit«^?^ (*ftx#^h 

S;ttl00fim), Cto%Vilzf&&&sZ1i\xl (H 

5 (c) #») 0 cti^<t»}, m\ zttevTmzKft 
20 tun i3tfxo. cowtt^siwfsn* (as 
(d) #HD . z:hfcH*rc, Ym%&7i>-L5R 
tfX»«!tlXr-5;6*afiW6«*T. CO, u- 

if«L. co«)bS^ »i 2<cfe-5T5fes^«o cn 

Jc<J:*), »finX^vXfii 1 *HDXiM^»ttlcfJ»r* 
[003 4] IMvmmt ttlli , U V 

sa-a^cx^5>rfcf>y*s6i-c:^^Tt. l 

30 ^nx^^^kfy^fBicti, ^x»«»*af 
XHU T'»*^4§^II6tta)feS*^«:«44*5C t 

[0 0 3 5] ft*. JdiOHWRTtt* UVU-1f# 
40 fcLT, Nd : YAGL/-[f<D«4aaW6Je*ffl^ft« 
tf U V tfJttfc LTtt; N d : Y A C U 
-1f©«3«l»* («6 ; 3 5 5 nm) . X*WV 
-If (A r F ; 1 93 nm, K r F ; 2 4 8 nm, Xe 
C 1 : 308nm, Xe F ; 3 5 1 nm, ) , SiRU- 
If (3 3 1 nm) *t«^*CfcfeT#* 6 
[0 0 3 6] Sfc. InTttfHOiJyXtLTlt* GXti 
5XW«©/f7X. M*tf t M7^>J#7X (IBM 
«: S i 0, : 4 9 % % A 1 f 0 - : I 0%, B 
1 Oi ; 1 5 %, Z n 0 : 2 5 %) , *tt*r>^r Y»J 

50 7X (fflfiSM: s i 0* : 72%, a 1, 0i : 5%, 



(6) 



B» Oi ;9%. R0:7. 5%, Rj 0:6. 5%. 
fc£U RttNaffcttKfctS* ) . V-^0C*v 
X («£M: SiO. :7 2. 5%, Al. 0. : 2 

RO ; 1 2%. R« 0 ; 1 3. 5%, /i£U Rtt 
N a SfcttK ttSc ) tffctf 5ft£ ; 
[0 0 3 7] S&E. ±i6®-*«ffln?«. U— tfftW 
%£fi&£lT. XYXT-->*KJ:5£i£<0fH*}bWf 

[0038] 

vXini^iiRtftoKWi, Biui^xflucttLT 
Xfc©«B»K:«* Lt *<0*#jg*SDlSfi9»«#JC 

Sicx^-i'eyyfcMLfcSL cox^wifvy* 

MKfclBtW <BB»*4*S fc£ J: 9BKTS J: $ * 
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'tLfcfcoT-. cruet o. «iHl#7Xtt*. B5© 

[81] C<0StH«-*«ff9K6^5*7XJniI«B<0 
[82] (YZWttOBLfc) MffiB 

[83] ««3t**«« (XZWeWKLfc) BrffiH 
[84] fir&i)t^«©*¥ (XYOTWOBLfc) »rB 

(853 -*«W<O^X*aX^tt©ISKWHT-» 

5, 

WSOKfB] 

1 UVU-tfitB. 2 -C0, 1/-1TBB, 3-:«9 
XtoI8B*<*, 5-Y2irtBB7t/-i»; 6 -Xflfo 
£*Xt— >\ 7-*#*m 1 0-BNKM. I 

1 •••Biraiff^xSo 
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